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Effects of the DASH-JUMP dietary intervention
in Japanese participants with high-normal blood
pressure and stage 1 hypertension: an open-label
single-arm trial

Atsuko Kawamura1,2, Katsuko Kajiya1, Hiroko Kishi1, Junko Inagaki2, Makoto Mitarai3, Hiroshi Oda3,
Seiji Umemoto4 and Sei Kobayashi1

The Dietary Approaches to Stop Hypertension (DASH) diet is recommended by the American Heart Association to lower blood

pressure (BP); however, its effects in Japanese participants have not been rigorously studied. We assessed the effects of the

DASH-Japan Ube Modified diet Program (DASH-JUMP), a modified DASH diet, on cardiometabolic and inflammatory biomarkers

in Japanese participants with untreated high-normal BP or stage 1 hypertension. Fifty-eight participants (30 men and

28 women; mean age 54.1±8.1 years) with untreated high-normal BP or stage 1 hypertension followed the DASH-JUMP

(salt 8.0 g per day) for 2 months. After the intervention period, they resumed their usual diets for 4 months. The DASH-JUMP

significantly decreased the participants’ body mass index values (24.6±3.5 kg m−2 at baseline→23.2±3.3 kg m−2 at

2 months, P=0.000), BP (153±14/91±11 mmHg at baseline→130±16/80±9 mm Hg at 2 months, P=0.000 and

139±16/85±10 mm Hg at 6 months, P=0.000), fasting serum glucose level (100±26 mg dl−1→94±15 mg dl−1 at

2 months, P=0.003) and fasting insulin level (6.9±5.9 μIU ml−1→4.4±2.7 μIU ml−1 at 2 months, P=0.000). The mean

compliance of the participants for the DASH-JUMP diet was 88.5%. The DASH-JUMP diet reduced cardiovascular risk factors

and may be an effective nutritional strategy for preventing cardiovascular events.
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INTRODUCTION

Between 1990 and 2010, the number of people aged 65 years and older
in Japan almost doubled from 15 million to 29 million. In 2010,
this older demographic represented 23% of the Japanese population,
which was the highest proportion among any population worldwide.1

The second ‘Healthy Japan 21’ policy released by the Ministry of
Health, Labor and Welfare declares the aims of ‘decreasing the health
status disparity’ and ‘increasing the healthy life expectancy’.2

To achieve these goals, it is important to prevent the onset and
the subsequent aggravation of lifestyle-related diseases. High
blood pressure (BP) is a major risk factor for cardiovascular and
cerebrovascular diseases.3–5 Almost 43 million Japanese adults,
which constitute ~ 35% of the adult Japanese population, have
hypertension.6 In terms of national medical expenditure, hypertension
has the second greatest economic burden on Japanese society among
all diseases.2

The main treatments prescribed for hypertension are medication,
dietary interventions and exercise.4,7–9 Many patients with hyperten-
sion prefer to undergo lifestyle-based treatments without using drugs.
The main dietary treatment approach implemented in Japan is the
reduction of daily dietary sodium intake.10–15

Dietary Approaches to Stop Hypertension (DASH) is one of the
most widely used dietary interventions for hypertension in countries
outside Japan and is recommended by the American Heart
Association. Preliminary research results16–18 have shown that the
DASH diet lowers BP in those who normally have high, intermediate
and low sodium intake levels and has been recommended for the
prevention and treatment of hypertension. When augmented by
exercise and weight loss, the DASH diet can offer considerable benefit
to patients with high BP, not only through reduction of BP but
also through the favorable modification of other biomarkers of
disease risk.19,20
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The Japanese Guidelines for the Management of Hypertension 2009
(JSH) recommend the DASH diet for people with hypertension.
However, few people are aware of the DASH diet in Japan, and the
effect of the DASH diet in Japanese participants with hypertension has
not been previously investigated. Japanese cuisine or ‘Washoku’ was
registered by United Nations Educational, Scientific and Cultural
Organization (UNESCO) as an intangible cultural heritage of human-
ity in December 2013.21 Traditional food cultures such as Washoku
are strong influences on the diet of Japanese people. However, as the
DASH diet was designed for European and American populations, it is
difficult for Japanese people to follow the original DASH diet because
of the large differences in dietary patterns and taste preferences
between the people in Japan and those in western countries. It is also
believed that popularizing the DASH diet in Japan is difficult because
it is difficult to design a menu that matches the nutrient composition
of the DASH diet using local Japanese ingredients.
Our research group collaborated with nurses, physicians, dietitians

and experts in commercial food development. Through our
collaborations, we developed a modified DASH diet for the use of
Japanese people, and, with the aim of making the DASH diet widely
available in Japan, we determined the effects of a modified DASH diet,
the DASH-Japan Ube Modified Diet Program (DASH-JUMP), in an
open-label, single-arm trial.

METHODS

DASH-JUMP
The original DASH diet menu items were cornflakes, salad, marinades, milk
and fruit juices,22 which were difficult for Japanese people to consume on a
regular basis. Therefore, we developed a modified DASH diet that we called
DASH-JUMP. DASH-JUMP is tailored for the Japanese food culture with the
same nutrient composition as that of the original DASH diet, 23 and is generally
better accepted by Japanese people. Whole grain brown rice was adopted as the
staple food, because it matched Japan's food culture, which is based on rice.
We were careful to include a meal with soup once a day, because Japanese
people typically consume meals involving a bowl of soup and one side dish
daily in their ordinary diet. Furthermore, we included many local dishes of
Yamaguchi Prefecture and used a wide range of dishes from the repertoire of
typical Japanese food.
The DASH-JUMP involved a 14-day menu cycle with 42 meals at 2 calorie

levels (1650 and 1820 kcal per day). DASH-JUMP menu items were low in
calories but offered sufficient satiety because of their chewy texture.
DASH-JUMP menu was created in accordance with the nutritional

composition of the original DASH diet. However, as a result of measuring
the nutritional composition of menu items after cooking, DASH-JUMP
contained less total fat and saturated fatty acids than the original DASH diet.
In addition, it contained more protein and carbohydrates than the original
DASH diet. DASH-JUMP is rich in fruits, vegetables and low-fat dairy foods.
DASH-JUMP provides almost double the quantity of potassium, calcium,
magnesium and fiber of that consumed in the average Japanese diet.24 The salt
content of DASH-JUMP is ~ 8.0 g per day. A total of 1820 and 1650 kcal
contain the same amount of salt. Both were same nutrient composition, but
excluding protein and carbohydrates. Table 1 shows the nutrient compositions
of the original DASH diet, DASH-JUMP and the average Japanese intake. After
menus were cooked, we evaluated the nutrient composition of DASH-JUMP by
chemical analysis of the food items in the menus at the Central Research
Institute of Maruha Nichiro Corporation, Tokyo, Japan. In addition, we
showed a sample of the menus and images of the menu items for one day of
DASH-JUMP.

Ethical considerations
The study was conducted in accordance with the Declaration of Helsinki and
the Ethical Guidelines for Clinical Studies in Japan. It was approved by the
Ethics Committee of Yamaguchi University Faculty of Medicine and Health

Sciences. Written informed consent was obtained from the participants who
agreed to participate in the study.

Study participants
We recruited study participants between November 2011 and January 2012
through advertisements at companies and hospitals in the cities of Ube,
Yamaguchi and Shimonoseki in the Yamaguchi prefecture of Japan, and in a
local newspaper. This study included 60 participants (31 men and 29 women)
aged 36–69 years who were not taking antihypertensive medication. They had a
mean systolic BP (SBP) between 130 and 159 mm Hg, or a mean diastolic BP
(DBP) between 85 and 99 mm Hg, or both. Participants’ BP values were
monitored with an automatic sphygmomanometer for 5 days before the
commencement of the study.

Criteria for eligibility
To be eligible, participants had to be in the age range of 20–70 years. Both men
and women were recruited. Participants or members of their families
performed their sphygmomanometry measurements two times per day at
home. For eligibility, the results of these measurements taken during the 5 days
before the study had to show values within the high-normal range of BP
(130–139 mm Hg/85–89 mm Hg) or stage 1 hypertension (140–159 mm Hg/
90–99 mm Hg).
The major exclusion criteria were previously diagnosed kidney disease,

blood urea nitrogen 422 mg dl− 1, creatinine 41.3 mg dl−1 for men and
40.9 mg dl−1 for women, renal dysfunction, a previous cardiovascular event,
organ derangement, diabetes mellitus requiring insulin or oral hypoglycemic
treatments, dementia, food allergy and unwillingness to stop taking vitamin and
mineral supplements. We also excluded women who were pregnant and
receiving postmenopausal hormonal therapy.

Intervention
Participants were treated with DASH-JUMP (salt 8.0 g per day) for 2 months,
and for the period of 4 months following the cessation of the intervention, they
consumed their usual diets. It was reported that the DASH diet lowered BP in
2 weeks,22 but because this was the first study of a modified DASH diet in a
Japanese population, we planned to perform two rounds using a 14-day menu
and decided to observe the effect of the diet on the physical symptoms of the
participants. Also, the reason that the intervention period was planned to last
for 2 months was to ascertain whether the menu contents were sufficiently
acceptable for Japanese participants to continue complying with DASH-JUMP
for the period of 2 months.
Participants’ BP values were monitored daily with an automatic BP monitor

in their home for the total period of 6 months. We took BP measurements in
our laboratory before starting the DASH-JUMP, 1 and 2 months after the
commencement of the program and 4 months after the cessation DASH-JUMP
intervention.
All food was prepared in a single food center according to a standardized

protocol, and three meals of the DASH-JUMP diet were delivered to the
workplaces of the study participants or their homes every day. During the study
period, participants were directed not to change any of their conventional
habits other than their diet.

Outcome measurements
SBP and DBP measurements made during the medical examinations in our
laboratory for the duration of the study period were the primary outcome
measures. Participants’ body weight, body mass index (BMI) values, abdominal
circumference, hip circumference, BP measurements made at home, fasting
serum glucose levels, fasting insulin levels, serum and urinary potassium and
sodium levels, urinary microalbumin levels, homeostatic model assessments of
insulin resistance (HOMA-IR) and homeostatic model assessment β-cell
function (HOMA-β), and serum levels of total cholesterol, low-density
lipoprotein-cholesterol (LDL-C), high-density lipoprotein-cholesterol (HDL-
C), triglycerides, apolipoproteins (apo) A-1, B and E, homocysteine, uric acid,
adiponectin, aspartate aminotransferase (AST), alanine aminotransferase (ALT),
γ-glutamyl transpeptidase (γ-GTP), renin, hemoglobin A1C (HbA1C), inter-
leukin-6 (IL-6), N-terminal prohormone of brain natriuretic peptide
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(NT-proBNP) and high sensitivity C-reactive protein (hs-CRP) were secondary
outcome measures. Furthermore, we add apoB/apoA-1 ratio that is an effective
predictor of coronary heart disease risk as secondary outcome measures.

Anthropometric parameters and BP measurements
After abdominal circumference measurements at the level of the umbilicus,
body weight and BMI were measured with a body composition analyzer
(DF860K; Yamato Scale, Akashi, Hyogo, Japan) using the bioelectrical
impedance analysis method. Abdominal circumference was measured in
unclothed participants. Body weight and BMI were measured in the morning;
the participants wore examination clothes but not shoes at this time. BMI was
calculated as kg m− 2. Participants measured their BP at home from the upper
arm using an oscillometric device (HEM-7080 IC; Omuron, Kyoto, Japan)
in compliance with the Japanese Society of Hypertension Guidelines for Self-
monitoring of Blood Pressure at Home (Second Edition). The BP measure-
ments were taken in the morning within 1 h waking up, after urination and
before breakfast after a 1–2 min rest in a sitting position, and in the evening
after a 1–2 min rest in the sitting position.25 When participants visited our
laboratory, BP was measured according to the JSH (2009). At the laboratory,
BP was measured using an HEM-7080 IC sphygmomanometer (Omuron) after
participants had rested for a few minutes in the seated position on a chair with
a back support and with their legs uncrossed. Participants’ body weight, BMI
values, abdominal circumference, hip circumference and BP were analyzed at
baseline and at the follow-up visits after 1, 2, 3 and 6 months.

Laboratory measurements
All the blood and urine samples were collected at our laboratory from fasting
participants and were measured by a central laboratory (SRL, Tokyo, Japan).

Serum cholesterol and triglycerides levels were measured by an enzymatic
method, HDL-C levels by direct measurement and hs-CRP levels by the
nephelometry method. After participants had rested by lying in bed for 30 min,
blood was drawn for renin and NT-proBNP measurements. The blood and
urine samples were analyzed at baseline and at the follow-up visits after 1, 2,
and 6 months.

Assessment of food intake
They kept a daily record of their intake of food on the DASH-JUMP menu and
food outside this menu. We prepared a life checklist that displayed a
photograph of each menu item so that participants could precisely record
their intake of each meal, with 10 phases of evaluation every day. They also
recorded a self-assessment of their physical condition every day using a
checklist questionnaire.

Statistical analyses
Analyses were performed using SPSS version 21.0 for Windows (IBM, Armonk,
NY, USA). Variables with a skewed distribution were logarithmically
transformed for statistical analyses. The effects of indices of lifestyle-related
diseases, serum lipids, insulin sensitivity, inflammatory cytokines and others
and electrolyte concentrations in serum and urine were compared by repeated-
measures analysis of variance or Friedman's test as appropriate. Further, we
compared at each time-point with post hoc analysis by Bonferroni or Friedman's
test for multiple comparisons. We showed the significant differences from
baseline to each point on the table. And about the characteristic change, we
indicated it in results. Multiple regression analysis was used to determine
independent predictors of cardiometabolic and inflammatory biomarkers.

Table 1 Nutrient composition of DASH-JUMP diet

Energy (kcal)

Total fat (% of ene

Saturated fatty aci

Protein (% of ener

Carbohydrates (%

Cholesterol (mg per day)

Sodium (mg per day)

Potassium (mg per day)

Calcium (mg per day)

Magnesium (mg per day)

Fiber (g per day)

Salt (g per day)

Sample of the menus 

Morning 
Tea rice gruel 
Food boiled and
seasoned with t
Japanese radish
carrot 
Lotus root dum
Low sodium so
Citrus natsudaid

ergy) 

id (g) 

rgy) 

% of energy) 

d
tofu, 
h and 

mplings 
oy sauce 
dai jelly

2100

27

14

18

55

150

3000

4700

1240

500

30

7.6

Lunch 
Green tea-soba,
shredded omele
and laver, noodl
soup 
Boiled greens 
dressing of rape

Food item forme
wrapping and 
twisting a tea cl
into the shape o
pumpkin 

(

, a 
et 
les 

with 
e
ed by 

loth 
of a 

DASH-JUMP

( o

18 (16*)

6

21 (19*)

61 (65*)

147 

3,057

4,333

1,242 

461 

28 

8 

o1820 (male and hard worker)*

1650 (female)

Dinner 
Rice germs 
Miso soup 
containing spin
and turnip 
Pickled veget
with red peppe
and horse mac
Mushrooms sa
in butter  
Powdered gree
milk 

1887

26

16

15

55

308

4010

2293

498

247

15

10.2

nach 

tables 
er
ckerel 
autéed 

en tea 

Baseline nutrient content (per day) Original DASH diet Average Japanese intake 

a

Abbreviations: DASH, Dietary Approaches to Stop Hypertension; DASH-JUMP, DASH-Japan Ube Modified diet Program.
Data of nutrient composition are means, n=42 menus. As for the energy content of DASH-JUMP of 1820 kcal per day, the diet had a baseline nutrient constitution of 1650 kcal per day and we
regulated it by increasing the quantity of rice by 60 g for breakfast and supper.
*The nutrient content that changed in the case of 1820 kcal.
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We use the changes in SBP from baseline to 1 month or 2 months and the
change in DBP from baseline to 1 month or 2 months as a dependent variable.
We used the changes of cardiometabolic and inflammatory biomarkers from
baseline to 1 month or 2 months of the DASH-JUMP diet as independent
variables.

RESULTS

Participant enrolment
One hundred and thirteen adults were screened for the study and 60
Japanese participants were enrolled. Of these participants, one met our
initial exclusion criteria and was excluded at baseline. Another had an
infection and retired from the study 1 month after starting. The
infection that the participant had did not have the association with
DASH-JUMP. Figure 1 shows a flow diagram of the phases of the
DASH-JUMP study. In total, 58 participants completed the study and
were analyzed. The mean age of those who completed the study was
54.1± 8.1 years. Table 2 shows the baseline characteristics of the study
participants.

Compliance with the DASH-JUMP dietary intervention
We analyzed participants’ intake of each supplied meal using a life
checklist which participants completed daily. The results showed that
the mean compliance with consuming the supplied meals was 92.2%
for the first round (of 2 weeks), 89.8% for the second round, 86.9%
for the third round and 84.9% for the fourth round. Participants’
records showed a mean compliance of 88.5% for the full 2 months of
the intervention period. The mean salt intake of participants, as
calculated from the meal intakes they recorded in the life checklist
during the intervention period, was 6.9 g per day.

BP after the DASH-JUMP dietary intervention
Figure 2 shows the SBP and DBP of participants obtained by self-
monitoring using an automatic BP monitor in their homes every day
for 6 months. After participants started on the DASH-JUMP diet,
there was a clear fall in the mean SBP and DBP of the participants
starting from 3 to 7 days after beginning the diet. Furthermore, the
DASH-JUMP diet resulted in a rapid decrease of SBP and DBP toward
the normal range, but once a normal BP was achieved, it became
stabilized and continuation of the DASH-JUMP diet did not further
decrease BP to the hypotensive range, which can be achieved with
antihypertensive drug therapy.

Index 1 of Table 3 shows the SBP and DBP measurements made at
baseline in our laboratory when participants visited for medical
examinations and the follow-up visits after 1, 2, 3 and 6 months.
The laboratory measurements confirmed that both SBP and DBP
significantly decreased after participants started the DASH-JUMP diet,
and both measurements increased towards hypertensive values after
the completion of the dietary intervention period. The significant
differences of post hoc analysis from baseline to each point are shown
as P-values in Table 3 (footnote b).

Indices of lifestyle-related diseases and serum lipids
The mean indices of lifestyle-related diseases (body weight, BMI,
abdominal circumference, hip circumference, AST, ALT and γ-GTP)
at each tested time-point (baseline and 1, 2, 3 and 6 months of the
DASH-JUMP intervention) are compared in Index 1 of Table 3.
DASH-JUMP resulted in significant reductions in participants’ mean
weight, BMI, hip circumference, AST, ALT and γ-GPT values. The
abdominal circumference values decreased gradually and were sig-
nificantly decreased 1 month after the discontinuation of the diet.
DASH-JUMP also resulted in significant reductions in the mean
serum levels of total cholesterol, LDL-C, HDL-C, triglycerides, apoA-1,
apoB and apoE. ApoB/apoA-1 ratio were significantly decreased at
4 months after ceasing intervention (P= 0.024 compared with after
2 months). These data are summarized in Index 2 of Table 3.

Insulin sensitivity
DASH-JUMP resulted in significant reductions in the levels from
baseline of fasting serum glucose after 2 months, HbA1C after
1 month, fasting insulin after 2 months, HOMA-IR and HOMA-β
after 2 months. These data are summarized in Index 3 of Table 3.

Inflammatory cytokines and other measurements
Significant reductions from baseline were found in the serum levels of
IL-6, NT-proBNP, adiponectin and urinary microalbumin during the
DASH-JUMP intervention period. Significant increase from baseline
was detected in the serum levels of renin. No significant changes were
found in the serum levels of hs-CRP and uric acid, compared with that
measured at baseline. The serum level of NT-proBNP and homo-
cysteine significant increased at 4 months after ceasing intervention,
compared with that measured at baseline. These data are summarized
in Index 4 of Table 3.

Electrolyte concentrations in serum and urine
Serum concentrations of sodium significantly increased at 4 months
after ceasing intervention, compared with that measured at baseline.
And, the urinary concentrations of sodium significantly decreased
during the DASH-JUMP intervention period and significantly
increased at 4 months after ceasing intervention (P= 0.000 compared
with after 1 month or 2 months). The potassium and the urinary
concentrations of potassium significantly increased during the inter-
vention period. These data are summarized in Index 5 of Table 3.

Multiple regression analysis
We used the changes in SBP or DBP from baseline to 1 month or
2 months as a dependent variable and the changes of cardiometabolic
and inflammatory biomarkers from baseline to 1 month or 2 months
of the DASH-JUMP diet as independent variables. We performed a
multiple linear regression and excluded variables with a correlation
coefficient of 0.4 or more. We then used variables with a variance
inflation factor of o2, as independent variables. We found that the
change in the concentration of urinary potassium from baseline to

Screened (n = 113)

Sphygmomanometry at home for 5 days 

Excluded (n = 1)

Dropped out (n = 1)

Enrolled (n = 60)

Analyzed (n = 58)

After the first blood

Participants eligible for the study (n = 59)

after 2 months

after 1 month

after 3 months

after 6 months

DASH-JUMP
intervention 
(2months)

For 4 months 
after intervention,
participants consumed 
their usual diets.

BP Blood
Physical 

examination

BP Physical 
examination

Figure 1 Flow diagram of the phases of the DASH-JUMP study.
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1 month of the DASH-JUMP diet was a significant independent
predictor of the changes in SBP from baseline to 1 month (Index 1 of
Table 4). Similarly, the changes in total cholesterol from baseline to
1 month was a significant independent predictor of the change in DBP
from baseline to 1 month (Index 2 of Table 4). And, the changes in
BMI and urinary microalbumin were significant independent pre-
dictors of the change in SBP from baseline to 2 months (Index 3 of
Table 4). We then found that the changes in BMI and apoE were
significant independent predictors of the change in DBP from baseline
to 2 months (Index 4 of Table 4).

DISCUSSION

In the present study, we have shown that the DASH-JUMP diet
significantly reduces BP and cardiometabolic risk factors in Japanese
participants with high-normal BP and stage 1 hypertension. Our
collaborative project team designed a 14-day menu comprising 42
different meals of Japanese food that met the nutrient criteria of the
DASH diet used in Western countries; something that had not
previously been achieved.
The DASH-JUMP diet was provided to participants continuously

for 2 months. Participants described their intake of each food in a life
checklist every day, and they showed a mean compliance of 88.5%.
This high level of compliance indicates that the DASH-JUMP diet

generally meets the dietary preferences of Japanese people, and induces
a marked hypotensive effect. The hypotensive effect was relatively
rapid, with a marked decrease in BP observed between the third and
seventh days of the intervention period (Figure 2). From baseline to
2 months later, the mean SBP measured by medical examination in
our laboratory had decreased by 23.5 mmHg, and the mean DBP had
decreased by 11.8 mmHg. Sodium restriction18,26,27 was considered to
be a factor underlying the hypotensive effect observed in this study.
The mean salt intake of people consuming a normal Japanese diet was
10.2 g per day (male 11.1 g per day, female 9.4 g per day), but with the
DASH-JUMP diet, the mean salt intake of participants was reduced by
~ 3 g per day. The hypotensive effect shown in this study was similar
to that shown in a previous study that achieved approximately the
same amount of reduction in sodium intake.17

An increase in the mean concentration of urinary potassium during
the DASH-JUMP intervention period influenced SBP from baseline to
1 month, as shown by the results of a multiple regression analysis
conducted to determine the factors that most closely correlated with
the changes in SBP from baseline to 1 month. The mean serum
potassium concentration was only slightly increased during the DASH-
JUMP intervention period, but, at 1 and 2 months of the intervention
period, the mean potassium concentration in urine was almost double
that measured at baseline. These results and those of previous
studies28,29 suggest that the high level of potassium in the DASH
and DASH-JUMP diets is important for its hypotensive effects. Based
on previous studies on the original DASH diet, the World Health
Organization recommends that dietary potassium intake should be
increased to decrease the risks of high BP and cardiovascular diseases,
including stroke and ischemic heart disease. The World Health
Organization guidelines recommend a daily intake of 3510 mg of
potassium for adults.30 It was considered that the high potassium
content of the DASH-JUMP diet could result in hyperkalemia
and safety monitoring was conducted. During the study period,
a temporary decrease in the estimated glomerular filtration rate
(e-GFR) occurred in four participants, reaching the range of chronic
kidney disease stage G3A (mild-to-moderate stage). These decreases in
e-GFR returned to baseline 4 months after the end of the intervention
period. Additionally, four participants had hyperkalemia throughout
the intervention period; however, these participants showed no
abnormalities in e-GFR, and their potassium levels were normalized
after the intervention period. No serious adverse events occurred
during this study, and the safety of the participants was monitored and
confirmed throughout the study period.
Multiple linear regression analysis showed that the change of the

SBP for DASH-JUMP intervention from baseline to 2 months is
mostly influenced by the change in BMI and urinary microalbumin
levels from baseline to 2 months. Participants’ mean body weight
decreased by ~ 4 kg during the intervention with the DASH-JUMP
diet, which has a low fat content and provides 1650–1820 kcal per day.
According to the results of a previous study,31 higher dietary fiber
intake was associated with lower BMI and waist-to-hip ratio. The
degree of weight loss was similar to those reported by a previous study
investigating the unmodified DASH diet.17 Furthermore, the value of
urinary microalbumin, a risk factor of heart failure and renal
dysfunction and a marker of the systemic dysfunction of vascular
endothelial cells, decreased but stayed within the normal range.
Participants’ mean DBP also decreased during the intervention period,
and this change correlated with the serum levels of total cholesterol,
apoE and BMI. It should be noted that the BMI that could measure
easily was the most important indexes of lifestyle-related diseases from
results of this study.

Table 2 Baseline characteristics of analyzed participants

Characteristic

n 58

Sex (male/female) 30/28

Age (years) 54.1±8.1

Weight (kg) 66.4±12.1

Sleep (h) 6.5±0.7

Family history (%) 54

Current smokers (%) 15

Past smokers (%) 33

Alcohol drinking (%) 56

Taking snacks (%) 80

Physical activity (%)
Light 24

Moderate 26

High 50

70

80

90

100

110

120

130

140

150

160

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171

Systolic BP after getting up Systolic BP at bedtime

Diastolic BP after getting up Diastolic BP at bedtime

(day)

B
lo

od
 p

re
ss

ur
e 

(m
m

H
g)

intervention period
(2 months)

Post-intervention period
(4 months)

DASH-JUMP

Figure 2 BP measured by subjects at home during and after the DASH-
JUMP intervention period. Participants monitored BP with an automatic
monitor in their home every day for 6 months.
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The study results indicated that the DASH-JUMP diet reduced
several biomarkers and risk factors related to the development of
lifestyle-related diseases including participants’ mean body weight,
BMI, abdominal circumference, hip circumference, AST, ALT and
γ-GTP. All of these changes indicate improvements in overall health
and can be expected to lower the risk for developing cardiovascular
disease, among other diseases.32 Other beneficial changes found during
the DASH-JUMP intervention period were significantly decreased

serum concentrations of total cholesterol, LDL-C, triglycerides, apoB
and apoE. These changes presumably resulted from the low saturated
fatty acid and cholesterol contents19,33–35 of the DASH-JUMP diet and
show that DASH-JUMP could be used to assist in the treatment of
patients with lipid metabolism disorders, such as hyperlipidemia.
Previous studies36–38 have shown that the original DASH diet
improved the health of participants with type 2 diabetes mellitus. In
this study, we measured parameters related to glucose metabolism;

Table 3 Effects of the DASH-JUMP diet on indices of lifestyle-related diseases, serum lipids, insulin sensitivity, inflammatory cytokines and

other measurements

Indices n Baseline After 1 month After 2 months

1 month after

ceasing intervention

4 months after

ceasing intervention P-valuea

1
Systolic blood pressure (mm Hg) 58 153±14 135±17** 130±16** 138±18** 139±16** 0.000

Diastolic blood pressure (mm Hg) 58 91±11 81±9** 80±9** 84±11** 85±10** 0.000

Weight (kg) 58 66.4±12.1 64.1±11.5** 62.5±11.3** 62.9±11.5** 63.7±11.8** 0.000

Body mass index (kg m−2) 58 24.6±3.5 23.8±3.4** 23.2±3.3** 23.3±3.3** 23.6±3.4** 0.000

Abdominal circumference (cm) 58 86.2±9.7 84.6±9.5 84.4±9.2 83.4±9.2** 85.3±9.3 0.001

Hip circumference (cm) 58 96.1±7.6 95.6±7.2 93.9±7.0* 93.9±6.7 94.2±7.2 0.000

AST (IU l−1) 58 26±9 24±11 22±7** 23±8** 0.000

ALT (IU l−1) 58 28±14 25±14 21±10** 22±14** 0.000

γ-GTP (IU l−1) 58 51±48 38±37** 31±26** 50±69 0.000

2
Total cholesterol (mg dl−1) 58 216±33 184±32** 182±34** 199±34** 0.000

LDL-C (mg dl−1) 58 127±28 109±27** 108±26** 123±31 0.000

HDL-C (mg dl−1) 58 56±15 48±14** 47±13** 54±15* 0.000

Triglycerides (mg dl−1) 55 111±60 95±38 90±40** 104±67 0.010

ApoA-1 (mg dl−1) 58 154±27 127±26** 125±28** 142±25** 0.000

ApoB (mg dl−1) 58 106±21 90±20** 88±20** 94±20** 0.000

ApoB/apoA-1 58 0.72±0.19 0.74±0.22 0.74±0.22 0.68±0.20 0.019

ApoE (mg dl−1) 58 4.5±1.5 3.8±1.2** 3.9±1.3** 4.3±1.7 0.000

3
Fasting serum glucose (mg dl−1) 58 100±26 97±17 94±15** 94±13** 0.001

HbA1C (%) 58 5.58±0.84 5.45±0.73** 5.62±0.57 5.59±0.45 0.000

Fasting insulin (μIU ml−1) 58 6.9±5.9 7.5±9.1 4.4±2.7** 5.4±3.3 0.000

HOMA-IR 58 1.8±2.3 1.9±2.4 1.1±0.8** 1.3±0.8 0.000

HOMA-β 58 71±39 83±79 54±31** 67±36 0.000

4
IL-6 (pg ml−1) 58 2.7±1.6 2.3±6.3** 1.5±1.5** 1.7±1.4** 0.000

Homocysteine (nmol ml−1) 58 10.3±3.3 9.9±2.2 9.7±2.3 11.0±2.8** 0.000

NT-proBNP (pg ml−1) 58 43±38 28±24** 30±22* 52±36* 0.000

Adiponectin (μg ml−1) 58 9.0±4.9 8.1±4.1** 8.5±4.2 9.5±5.2 0.000

hs-CRP (ng ml−1) 58 894±1538 649±1531 1068±2451 540±592 0.039

Renin (ng ml−1 h−1) 57 1.0±0.7 1.8±1.3** 1.5±1.3** 0.9±0.6 0.000

Urinary microalbumin (mg g−1·cre) 58 15±17 9±13** 7±8** 8±11** 0.000

Uric acid (mg dl−1) 58 5.6±1.4 5.6±1.4 5.6±1.4 5.5±1.2 0.381

5
Serum potassium (mEq l−1) 58 4.3±0.4 4.6±0.4** 4.6±0.4** 3.9±0.3** 0.000

Serum sodium (mEq l−1) 58 140±2 141±2 140±1 142±2** 0.000

Urinary potassium (mEq l−1) 58 45±23 81±37** 85±35** 60±29** 0.000

Urinary sodium (mEq l−1) 58 135±7 82±5** 87±5** 146±8 0.000

Abbreviations: ALT, alanine aminotransferase; ANOVA, analysis of variance; Apo, apolipoprotein; AST, aspartate aminotransferase; DASH, Dietary Approaches to Stop Hypertension; DASH-JUMP,
DASH-Japan Ube Modified diet Program; γ-GTP, γ-glutamyl transpeptidase; HbA1C, hemoglobin A1C; HDL-C, high-density lipoprotein-cholesterol; HOMA, homeostatic model assessments of insulin
resistance and pancreatic beta cell function; HOMA-IR, homeostatic model assessments of insulin resistance; hs-CRP, high sensitivity C-reactive protein; IL-6, interleukin-6; LDL-C, low-density
lipoprotein-cholesterol; NT-proBNP, N-terminal prohormone of brain natriuretic peptide.
1: Indices of lifestyle-related diseases; 2: serum lipids; 3: insulin sensitivity; 4: inflammatory cytokines and others; 5: electrolyte concentrations in serum and urine.
Data are means± s.d. aP-values derived from repeated-measures ANOVA or Friedman’s test. bP-values derived from post hoc analysis with Bonferroni or Friedman’s test for multiple comparisons.
** indicates bPo0.01 vs. baseline; * indicates bPo0.05 vs. baseline. A value of Po0.05 was considered significant. We excluded three outliers of triglyceride, and analyzed 55 cases.
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interestingly, we found that the fasting serum concentrations of
glucose and insulin, as well as the HOMA-β score, a measures
of pancreatic β-cell function used to assess insulin resistance,
was significantly decreased during the DASH-JUMP intervention
period. Furthermore, the results indicate carbohydrate metabolism
improvement in this hypertensive population. We did not find a
significant effect of the DASH-JUMP on hs-CRP levels; however, the
serum concentrations of IL-6 and NT-proBNP significantly decreased,
suggestive of an improvement in inflammatory biomarker.39

DASH-JUMP showed a great hypotensive effect and improved indices
of lifestyle-related diseases as well as lipid profile. In addition,
DASH-JUMP may improve carbohydrate metabolism.
At 4 months after ceasing intervention, NT-proBNP, which is a

diagnostic marker for heart failure, rose to 52± 36 mg dl− 1 (heart
failure sign ⩾ 55), and it is elevation within normal limit. Since the
sodium intake of participants increased after the DASH-JUMP
intervention period, and their potassium intake decreased, their
sodium-potassium ratio would have risen. According to a previous
study by Yang et al.,40 a higher sodium-potassium ratio is associated
with a significantly increased risk of cardiovascular disease. There is a
possibility that, in such a situation, potassium-sodium interaction
could exacerbate the value of NT-proBNP. This result suggests that for

future studies on DASH-JUMP, it is necessary to follow up for
6 months after ceasing the intervention. On the other hand,
apoB/apoA-1 ratio that is associated with future CAD events
independent of standard cardiovascular risk factors (diabetes, body
mass index, smoking, systolic BP and C-reactive protein level) and
lipid values (LDL-C, HDL-C and triglyceride levels, and, in a separate
model, total cholesterol-HDL-C ratio), is considered to be a strong
risk factor for atherosclerotic cardiovascular disease.41 ApoB/apoA-1
ratio were significantly decreased at 4 months after ceasing interven-
tion. It can be presumed that the risk of developing atherosclerotic
cardiovascular disease has decreased at 4 months after ceasing
intervention.
In the case of studies involving the distribution of a prepared diet to

participants, such as this study, it is a concern that it may be difficult
for participants to continue the diet after the end of the intervention
period. Study participants consumed the DASH-JUMP diet for
2 months, which may have helped them to recognize similar health-
promoting foods through sight and taste following the intervention
period. Interestingly, both SBP and DBP rose after the intervention
ended, but their BP hardly changed between 1 and 4 months after
ceasing the intervention. This indicates that participants may have
reflected on their BP having risen at 1 month after ceasing the

Table 4 Multiple regression analysis for determinants of the change in blood pressure

Unadjusted

Dependent variable Independent variable r P-value β P-value

1 The change in SBP from baseline to 1 month (R2=0.181)

Urinary potassium −0.335 0.008 −0.316 0.024

Urinary microalbumin 0.219 0.059 0.165 0.227

ApoE 0.165 0.121 0.197 0.144

Serum sodium 0.066 0.320 0.090 0.502

2 The change in DBP from baseline to 1 month (R2=0.243)

Total cholesterol 0.395 0.002 0.480 0.001

NT-proBNP 0.027 0.426 0.194 0.168

ApoE 0.224 0.057 0.219 0.098

Uric acid 0.008 0.479 −0.094 0.481

3 The change in SBP from baseline to 2 months (R2=0.470)

BMI 0.539 0.000 0.598 0.000

Urinary microalbumin 0.276 0.025 0.424 0.002

ApoA-1 0.294 0.018 0.036 0.783

Fasting serum glucose 0.102 0.238 0.080 0.520

Urinary potassium −0.120 0.200 0.077 0.551

Serum potassium −0.059 0.341 −0.038 0.765

Serum sodium 0.028 0.423 −0.023 0.852

NT-proBNP −0.197 0.082 −0.102 0.431

4 The change in DBP from baseline to 2 months (R2=0.345)

BMI 0.392 0.002 0.403 0.003

ApoE 0.343 0.006 0.270 0.047

Uric acid 0.213 0.064 0.078 0.556

Serum potassium 0.135 0.170 0.211 0.128

Serum sodium 0.010 0.471 −0.019 0.882

Fasting serum glucose 0.031 0.412 0.099 0.458

Urinary microalbumin 0.220 0.590 0.209 0.117

Abbreviations: Apo, apolipoprotein; BMI, body mass index; DBP, diastolic BP; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; SBP, systolic BP.
1: The change in independent variables from baseline to 1 month.
2: The change in independent variables from baseline to 1 month.
3: The change in independent variables from baseline to 2 months.
4: The change in independent variables from baseline to 2 months.
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intervention and consequently began to follow dietary habits more
closely resembling DASH-JUMP after 1 month.
However, at 4 months after ceasing intervention, participants’ mean

excretion of urinary sodium rebounded highly, and the mean
excretion of urinary potassium was moderately higher than it was at
baseline. These observations indicated that the eating habits of the
DASH diet were not continued long term. From these results,
we concluded that it is necessary to examine the reinforcement of
the knowledge gained by the participants via their experience of
DASH-JUMP with a continuous nutrition education program in
future. Also, it is necessary to examine the inclusion of a
self-monitoring device for the measurement of urinary salt42 when
we conduct a nutrition education program. Enabling participants to
monitor changes in their urinary sodium and potassium excretion and
compare the results with the contents of their dietary intake may
enhance the efficacy of nutrition education.
From these, it should be noted that the hypotensive effect of DASH-

JUMP is obtained as well as sodium restriction by the synergy such as
minerals, dietary fiber and low fat.
DASH-JUMP has the disadvantage that the serum levels of HDL-C

and apoA-1, which are involved in the process of reverse cholesterol
transport, were reduced in the DASH-JUMP group. Because HDL-C
and apoA-1 have important functions as defense mechanisms against
arteriosclerosis, it is necessary to improve DASH-JUMP more to
increase the serum levels of HDL-C. It is suggested that we should
examine the diet and particularly the inclusion of safflower oil, nuts,
soy bean foods and fish oil to raise the serum levels of HDL-C for a
future version of DASH-JUMP.
In conclusion, the results indicated that this diet may be an effective

nutritional strategy to prevent cardiovascular events in Japanese people
with high BP.

Study limitations
This study had some limitations that require consideration. First,
relatively few participants were included in the study, and therefore the
statistical power of this study was low. Second, this study was an
open-label, single-arm trial. There is the bias that, because participants
know they are being provided with the experimental diet, their
compliance may rise compared with that of participants in the study
that established the control group. This was a pilot study, and we
intend to conduct a randomized controlled trial in the future to better
evaluate the potential benefits of the DASH-JUMP diet for Japanese
people with high-normal BP and stage 1 hypertension.
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